Abstract -A simple synthesis of title compound (3) and a number of different cycloadditions are described. C-Aroyl-and C,N-diphenylnitrones react regio-and stereoselectively to the C=C exocyclic double bond of 3, to give only spirocycloadduct (10). On the other hand, Cphenyl-N-methylnitrone gives a mixture of diastereomeric spirocycloadducts (1 0) and (1 1). Nitrile oxides undergo 1,3-dipolar cycloaddition both to the exocyclic C=C and C=S double bonds with subsequent cycloreversion and formation of spiro-lactams (6). The appropriate spiro-thiolactams (8) were synthetized by treatment of 6 with Lawesson's reagent.
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HETEROCYCLES, Vof. 40, No. 1,1995 C=C double bonds, a small number of C=S double bonds have been used as dipolarophiles.3~4
The recent Obse~ation of the strong herbicidal activity of spirocyclic lactams, coupled with the absence of toxicity to microorganisms5 and also that some spiroisoxazolines occur naturally (Araplysillins are inhibitors of A T P~S~~) stimulated our interest in the synthesis of other spirocyclic derivatives. In a continuation of our efforts'-10 to utilize heterocyclic compounds as dipolarophiles in 1,3-dipolar cycloaddition reactions, we have recently demonstrated that nitrones7 and nitrile oxides8 react regio-and stereoselectively with 5,5-dimethyl-3-methylene-2-pyrrolidinone (1) . In this paper, we report on the cycloaddition of nitrones and nitrile oxides with 5,5-dimethyl-3-methylenepyrrolidine-2-thione (3), a dipolarophile possessing both a C=C as well as a C=S double bond.
The sulfurization of 1 with P4S10 proved to be unsatisfactory as a hardly separable mixture of many products was obtained. If, however, 1 was treated in dry tetrahydrofuran at room temperature with 5 equivalents of Lawesson's reagent (2), then practically only 5,5-dimethyl-3-methylenepyrrolidine-2-thione (3, 85% yield) was produced accompanied with a small amount (5%) of thione (4).
The cycloaddition of thione (3) with arylnitrile oxides (5) yields the spiro-compounds (6) and pyrrolidinone (1). It was, however, not possible in this case to isolate the expected spirocyclic (1 :I)-adduct to the C=S double bond, namely 7, which spontaneously eliminated phenylisothiocyanate4 to form pyrrolidinone (1) . The formation of spiro-adduct (6), which was already described by us,8 can be explained by the subsequent nitrile oxide cycloaddition to 1. The formation of the (1:l)-adduct (8) via cycloaddition to the C=C double bond of 3, can also be assumed. Its exocyclic C=S double bond then reacts very quickly with a second 1,3-dipole to give a (1 :2)-adduct which in turn eliminates phenylisothiocyanate to give 6. Therefore, the spiro-derivatives (8) to the C=C double bond and afforded exclusively the spiro-isoxazolidines (10) . The corresponding diastereomer (11) as well as regioisomeric diastereomers have not been detected in the crude reaction mixture by nmr spectroscopy. the cycloaddition of C-phenyl-N-methylnitrone (9g) with 3 furnished both diastereoisomers (log) and ( l l g ) in a ratio of 51 :49 in favour of l o g . The stereochemical assignment in compounds (10) and (11) was based on nuclear Overhauser effect difference spectroscopy as well as by the sulfurization of the known spiro-derivatives (12) with PqS10. Interestingly, the cycloadducts (12) failed to react with Lawesson's reagent, probably by steric reasons.
EXPERIMENTAL
Melting points were determined on a Kofler hot plate apparatus and are uncorrected. 1H Nmr spectra were recorded on a Varian VXR 300 and Tesla BS 487 C (80 MHz), respectively, and 1% nmr spectra on Varian VXR 300 spectrometers (CDCl3. TMS as internal standard, 5-values in ppm, J in Hz).
5,5-Dimethyl-3-methylenepyrrolidine-2-thione (3)
5,5-Dimethyl-3-methylene-2-pyrrolidinone (1)11 (0.125 g, 1 mmol) and Lawessones reagent (2) (2.022 g, 5 mmol) in dry tetrahydrofuran (20 ml), were stirred at room temperature for 24 h (tlc).
Concentration under reduced pressure and chromatography using chloroform-ethyl acetate gave 3. Dimethyl-3-phenyI-l-oxa-2,7-diazaspir0[4.4non-2-ene-6-thione (8a)   8,8-Dimethyl-3-phenyI-l-oxa-2,7-diazaspiro[4.4] non-2-en-6-one (6a) (0.244 g, lmmol) and 2 (2.022 g. 5 mmol) in dry tetrahydrofuran (20 ml). were stirred at room temperature for 24 h (tlc).
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